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By 
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ABSTRACT 


The  effects  of  passing  dry  powder  in- 
hibitors past  a flame  in  the  presence  of 
electric  fields  were  studied-  It  was  found 
that  the  collection  of  powder  residues  on 
plate  electrodes  is  influenced  by  varying 
the  structure  of  the  electric  fields-  An 
explanation  based  on  the  action  of  induced 
dipoles  in  non-uniform  fields  is  proposed- 

1«  Introduction 

Previous  preliminary  work  had  suggested  that  sodium  bicar- 
bonate, a dry  powder  inhibitor,  acquired  an  electric  charge 
when  it  was  passed  around  a flame  in  the  presence  of  an  electric 
field-  It  was  found  that  the  powder  could  be  collected  on  par- 
allel plate  electrodes  placed  close  to  the  flame  and  that  a 
larger  amount  of  powder  collected  on  the  positive  electrode.  A 
sample  taken  from  the  positive  electrode  was  analyzed  and  reported 
to  be  sodium  hydroxide-  On  the  basis  of  these  results  it  was 
thought  that  the  sodium,  bicarbonate  had  acquired  a negative  charge 
in  the  process  of  decomposition  and  recombination  in  the  flame 
gases-  Preliminary  work  by  T.  G-  Lee,  of  this  laboratory,  had 
indicated,  some  other,  different  process,  probably  dipole  formation 
in  the  mo:l ten  powder  particles-  The  purpose  of  the  experiments 
described  in  this' paper  was  to  investigate  these  phenomena  more 
thoroughly- 

II-  Experiment 

The  apparatus  used  in  the  experiment  is  shown  in  Fig-  1. 

Fuel  gas  was  passed  through  the  center  tube  of  the  three-tube, 
metal  burner;  the  flame  size  was  controlled  by  a regulating 
valve  in  the  fuel  line.  The  dry  powders  under  observation  were 
conducted  past  the  outside  of  the  flame  by  using  a controlled 
vibrator  to  shake  the  powder  thrqygh  a screen  in  the  hopper  into 
the  air  stream  which  flowed  through  the  outer  tube  of  the  burner 
past  the  flame-  The  rate  of  application  of  the  powder  was  con- 
trolled by  adjusting  the  variable  vibrator-  The  speed  at  which 
the  powder  passed  by  the  flame  was  controlled  by  adjusting  a reg- 
ulating valve  in  the  air  supply;  the  air  passing  through  the  outer 
tube  also  helped  to  stabilize  the  flame.  The  middle  tube  was  not 
used  in  the  experiment. 
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The  plate  electrodes  were  separated  by  four  Bakelite  rods 
whose  lengths  were  accurate  to  t 0.003  inches;  the  plates  could 
therefore  be  assumed  to  be  reasonably  parallel.'  These  plates 
were  located  slightly  above  the  burner  mouth  and  were  aligned 
parallel  to  and  equidistant  from  the  burner  axis.  A potential 
greater  than  600  volts  was  established  between  the  two  parallel 
plates  producing  an  electric  field  transverse  to  the  burner  axis. 
An  auxiliary  wire  was  also  available  to  connect  the  burner  to 
either  of  the  electrodes. 

As  estimated  visually,  an  equal  amount  of  powder  was 
collected  on  each  electrode  when  the  burner  was  not  connected 
to  either  electrode.  When  the  burner  was  connected  to  one  of 
the  electrodes,  it  was  observed  that  a greater  amount  of  powder 
collected  on  the  unconnected  electrode;  this  effect  was  the  same 
regardless  of  which  electrode  the  burner  was  connected  to--a 
greater  amount  of  powder  always  collected  on  the  electrode  which 
was  not  connected  to  the  burner.  With  the  flame  extinguished 
and  the  potential  across  the  plates  maintained,  powder  collected 
equally  on  both  electrodes,  but  the  amounts  collected  were  much 
smaller  than  with  a flame  present;  connecting  the  burner  to 
either  electrode  with  the  flame  out  seemed  to  have  no  effect  on 
the  collection  of  powder. 

To  test  if  the  observed  effects  were  due  to  the  heating  of 
the  powders,  an  electrical  heater  about  the  size  of  a flame 
(see  Fig.  2J  was  placed  in  the  fuel  opening  of  the  burner  and 
powder  was  passed  around  it.  The  powder  collected  in  the  same 
manner  as  with  a flame,  showing  that  the  observed  effects  were 
caused  by  the  heating  of  the  powder  and  not  by  any  reaction  with 
the  flame  c* 

It  is  believed  that  the  observed  effects  occurred  as  a re- 
sult of  dipoles  induced  in  the  powder  particles  when  they  were 
decomposed  by  the  heat  from  the  flame  in  the  presence  of  an  elec- 
tric field.  When  the  burner  was  not  connected  to  either  of  the 
plates,  the  field  was  symmetric  about  a plane  through  the  burner 
axis  parallel  to  the  plate  electrodes,  but  the  field  was  not  uni- 
form. since  the  metal  burner  and  flame  were  close  to  the  electrodes 
causing  the  field  lines  to  bend  downward  with  some  of  the  lines 
going  from  the  positive  terminal  to  the  burner  and  then  to  the 
negative  terminal.  The_force  on  a dipole  of  moment  p in  a non- 
uniform  electric  field  E is  given  by 

F = V (E  0 p ) . 
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Since  the  electric  field  is  symmetric  about  a plane  through 
the  burner  axis  parallel  to  the  plate  electrodes,  the  force  field 
acting  on  the  induced  dipoles  should  also  be  symmetric  about  the 
same  plane  causing  an  equal  amount  of  particles  to  be  collected 
on  each  plate.  When  the  burner  is  connected  to  one  of  the  elec- 
trodes, however,  the  electric  field  is  no  longer  symmetric  about 
the  previously  described  plane.  If  the  burner  is  connected,  for 
example,  to  the  positive  plate,  field  lines  will  run  from  the 
positive  to  the  negative  plate  and  from  the  burner  and  flame  to 
the  negative  plate  with  no  lines  running  from  the  positive  plate 
to  the  burner  or  flame.  The  resulting  asymmetry  would  tend  to 
deflect  the  dipole  particles  toward  the  negative  plate  where  the 
field  line  density  is  greatest. 

The  above  effects  were  observed  for  three  different  powders; 
sodium  bicarbonate  (NaHCCh),  potassium  bicarbonate  (KHCCh),  and 
potassium  oxalate  (XpCqOqj.  Samples  were  taken  from  each  elec- 
trode after  running  the  powder  past  the  flame  with  the  burner  not 
connected  to  either  electrode.  A chemical  analysis  performed  on 
the  residue  from  the  sodium  bicarbonate  and  potassium  bicarbonate 
powders  showed  that  carbonate  and  bicarbonate  salts  were  collected 
on  both  electrodes.  An  X-ray  diffraction  analysis  verified  this 
result  and  also  indicated  that  no  hydroxide  was  present.  (Hydrox- 
ide cannot  be  detected  chemically  in  the  presence  of  an  excess 
of  bicarbonate  since  the  bicarbonate  neutralizes  the  hydroxide 
when  the  powders  are  put  into  solution. ) An  X-ray  diffraction 
analysis  performed  on  the  potassium  oxalate  powder  residue  showed 
that  the  residue  was  mainly  potassium  oxalate ; no  other  substances 
were  identified. 


III.  Summary 

Since  the  collection  of  powder  on  the  electrodes  can  be 
influenced  by  varying  the  shape  of  the  electric  field,  the  pre- 
vious observation  that  the  powder  collects  mainly  on  the  positive 
electrode,  as  mentioned  in  the  introduction,  can  probably  be 
attributed  to  the  grounding  (either  intentionally  or  uninten- 
tionally) of  both  the  burner  and  the  negative  electrode  when  the 
preliminary  experiments  were  performed.  The  collection  of  powder 
on  the  electrodes  was  apparently  caused  by  induced  dipoles  rather 
than  by  the  formation  of  negative  ions.  The  observation  that  the 
residue  collected  on  the  positive  electrode  was  sodium  hydroxide 
is  considered  invalid.  The  results  of  the  present  study  indicate 
that,  the  residue  was  composed  of  carbonate  and  bicarbonate  salts 
with  an  equal  amount  collecting  on  both  electrodes. 


If  further  work  is  to  be  done  along  the  lines  described 
in  this  report,  certain  modifications  of  the  apparatus  would 
be  desirable.  Different  material,  perhaps  teflon,  should  be 
used  as  separators  for  the  plates.  The  Bakelite  rods  were 
found  to  conduct  electricity  with  the  conductivity  increasing 
as  the  temperature  of  the  rods  increased  from  heat  conducted 
along  the  metal  plates.  This  caused  a current  (10-30  pa)  to 
flow  in  the  circuit  resulting  in  a voltage  drop  of  up  to  600 
volts  across  the  resistors  which  protected  the  ammeter.  For 
this  reason  the  total  voltage  of  1300  volts  from  the  power 
supply  was  not  impressed  across  the  plate  electrodes.  The 
plate  electrodes  should  also  be  made  larger  in  size  with  the 
burner  opening  in  the  middle  of  the  plates  instead  of  at  the 
edges  as  was  done  in  these  experiments.  It  would  also  be 
advisable  to  use  a glass  burner  rather  than  a metal  one  so 
that  the  field  between  the  plates  would  not  be  disturbed  to 
such  a large  extent. 
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